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SUPPORTED IONIC METALLOCENE CATALYSTS 
FOR OLEFIN POLYMERIZATION 



Backoround of the Invention 

1 . Field of the Invention 

1 The Invention relates to supported catalysts for 

2 polymerization of olefins including gas or slurry phase 

3 polymerization of olefins, diolefins, cyclic olefins and 

4 acetyl frnlcally unsaturated monomers. These catalysts, which may be 

5 supported on known catalyst supports, include a Group IV-B metal 

6 metallocene compound and an Ionic activator compound* While the 

7 homogeneous variant of this catalyst system has been previously 

.8 disclosed in copending U-S, Serial No. 133,480; a supported form of 

9 the catalyst system has not heretofore been produced. The supported 

10 catalyst, suitable for use in gas or slurry phase olefin 

11 polymerization, provides a polymer product having a narrower particle 

12 size, distribution and higher bulk density than achievable, with the 

13 homogeneous catalyst system. Furthermore, the use of the supported 
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catalyst In the gas phase results In greatly reduced reactor fouling 
as compared to the unsupported or homogeneous variant. By employing 
suitably sized supports, the catalyst system can be employed in 
solution and high pressure polymerization processes. 



2. Background 

Ziegler-Natta type catalysts for the polymerization of 
olefins are well known. The traditional Ziegler-Natta type systems 
comprise a metal hallde activated to a catalyst species by reaction 
with a metal alkyl cocatalyst. particularly an aluminum alkyl 
10 cocatalyst. The activation of these traditional Ziegler-Natta 
-11 catalysts generates a variety of different active sites. As a 

12 consequence of this non-uniformity of the active sites, the catalysts 

13 produce polymer products of broad molecular weight distribution 

U (MWD). Furthermore, the copolymer products exhibit broad composition 

15 distribution (CO), poor comonomer incorporation and blocky sequence 

16 distribution. 

17 Recently it has been found that active catalysts are formed 

18 when a bi s(cyclopentadienyl) compound of the Group IV-B metals in 

19 particular zirconium and hafnium, is activated by an alumoxane' The 

20 metal locene-alumoxane catalysts whether homogeneous or supported 

21 generally possess high activity and are more versatile than 

22 conventional Ziegler-Natta catalysts in that they may be effectively 

23 used to produce a variety of polymer products including, for example 
2« high density linear polyethylene (HOPE), linear low density 

25 polyethylene (LLDPE), ethylene-propylene copolymer (EP). 

26 non-crystalline polypropylene and crystalline polypropylene. The 

27 metal locene-alumoxane catalysts also offer the significant advantage 

28 over the traditional Ziegler-Natta catalysts of being able to produce 

29 polymers wHjhnaffbw-»WD. 

^° Hhlle the metal locene-alumoxane catalysts do offer 

31 significant advantages over the traditional Ziegler-Natta catalysts 

32 they nevertheless have limitations in practical commercial 

33 applications. These limitations include the relatively high cost of 

34 the alumoxane cocatalysts. Aluooxane is also air sensitive and 
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1 difficult to manipulate. Furthermore, the metal locene-alumoxane 

2 catalysts, while producing a narrow MWD polymer product, have a 

3 limited capability to produce high molecular weight polymers or 
^ polymers having a high comonomer content. 

5 Copending U.S. Patent Application Serial No. 133,480. also 

6 published as European Patent. Appl ication 277,004 which is hereby 

7 incorporated by reference, describes a further advance in metallocene 

8 catalysts: a new metallocene catalyst which does not require either 

9 an alkyl aluminum or an alumoxane as an activator. The Group IV-B 

10 metallocene catalyst is prepared as a reaction product of a Group 

11 IV-B metal metallocene compound and an Ionic activator compound. The 

12 -ionic activator comprises a cation having a donatable proton and a 

13 labile, bulky anion which is a single coordination complex having a 
lA plurality of lipophilic radicals covalently coordinated to and 

15 Shielding a. central charge-bearing metal or metalloid atom, the bulk 

16 of said anion being such that upon reaction of the activator cation 

17 donatable proton with a proton reactable substltuent of a 

18 bls(cyclopentadlenyl) Group IV-B metal compound to form a Group IV-B 

19 metal cation, the anion of the activator is sterically hindered from 

20 covalently coordinating to the Group IV-B metal cation. Hence, as 

21 described In the copending application, an active cataiytl c species 

22 of a metallocene is formed, namely an ionic pair comprising a 

23 metallocene transition metal cation paired with a noncoordinating 
2A anion of the activator component. 

25 The new metallocene catalyst system (hereafter referred to 

26 as an "ionic metallocene catalyst-) eliminates the need for an 

27 expensive alumoxane activator. The ionic metallocene catalyst also 

28 offers other advantages over the metal locene-aluffoxane catalysts such 

29 as permitting the production of polyolefln products of narrow MWD and 

30 of significantly higher weight average molecular weight at high rates 

31 of catalytic activity while also permitting better incorporation of 

32 comonoraers and the control of the chain end chemistry of the polymer 
3^ The new ionic metallocene catalyst of the copending 

3^ application is, however, a homogeneous catalyst and generally can not 

35 be practically used for gas phase polymerization. The use of a 
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1 supported catalyst offers the possibility of gas phase 

2 compatibility. Control of the particle size distribution of the 

3 polymeric product In the various polymerization processes eliminates 
« or reduces the extent of reactor fouling. 

5 Supported catalysts for olefin polymerization are well known 

6 In the art. These catalysts offer, among others, the advantages of 

7 being usable In gas or slurry phase reactors allowing the control of 

8 polymer particle size and thereby the control of product bulk 

9 density. Gas phase reactors also eliminate the need for a solvent 

10 and the equipment for solvent handling and separation. However, the 

11 known Zlegler-Natta olefin polymerization supported catalysts also 

12 present disadvantages which Include broad MWD and composition 

13 distribution (CD), inefficient Incorporation of comonomers. poor 

U sequence distribution and, in the case of lower activity catalysts. 

15 the need for a product deashing step. 

16 Supported metal locene-alumoxane catalysts for olefin 

17 polymerization are described In U.S. Patent 4.701.432 of Helborn. 

18 These supported metal locene-alumoxane catalysts are obtained by 

19 reacting a metallocene and an alumoxane In the presence of the solid 

20 support material. The supported catalyst may then be employed either 

21 as the sole catalyst component or may be employed in combination with 

22 an organometaTlic cocataTyst. The supported metal locene-alumoxane 

23 catalyst, however, still produces polymers of generally lower 

2« molecular weight and comonomer Incorporation than desired for certain 

25 applications. 

" be desirable to provide a supported catalyst for 

27 gas or slurry phase olefin polymerization that eliminates the need 

28 for either an alumoxane or an alkyl aluminum cocatalyst. It would be 

29 further desirable that such supported catalyst be capable of 

30 providing a polymer product having a high molecular weight, narrow 

31 MWD and CD. good comonomer incorporation, good sequence distribution. 

32 high bulk density and controlled particle size for ease of removal 

33 from the reactor. 
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Summary 

1 The Invention provides a supported Ionic metal locene 

2 catalyst which Is suitable for use In the polymerization of olefins 

3 Including gas or slurry phase polymerization of olefins. The 

4 heterogeneous catalyst, like Its homogeneous counterpart disclosed In 

5 our European Patent Application EP 277 004, permits the production of 

6 polyoleflns of high molecular weight and narrow molecular weight 

7 distribution (MWD) at high rates. Moreover, the polyolefin products 

8 of the supported catalyst have a narrow composition distribution (CD) 

9 and Improved sequence distribution of comonomers as compared to the 

10 products of . prior art conventional supported Zi egler-Natta catalysts. 

11 The possibility of producing a supported catalyst was 

12 surprising since it would have been predicted that the reaction of 

13 ionic catalyst as described in the copending application with a Lewis 
1^ base such as is present on a metal oxide surface would result In 

15 catalyst deactivation. This Invention is even more surprising since 

16 aluminum alkyls are not present during catalyst preparation and 

17 furthermore the polymer products are similar to that obtained with 

18 the unsupported catalyst. 

19 The supported Ionic metallocene catalyst of this Invention 

20 comprises the ionic metal locene catalyst and a suitable support 

21 material. The metallocene component of the Ionic metallocene 

22 catalyst may be selected from a bis(cyclopentad1enyl ) derivative of a 

23 Group IV-B (Periodic Table of Elements, published and copyrighted by 

24 CRC Press, inc., 1984} metal compound containing at least one ligand 

25 which will combine with an activator component or at least a portion 

26 thereof such as a cation portion thereof. The activator component Is 

27 an ionic compound cooprising a cation which will irreversibly react 

28 with at least one ligand contained in said Group lY-B metal compound 

29 (metallocene component) and an anion which is a single coordination 

30 complex comprising a plurality of lipophilic radicals covalently 

31 coordinated to and shielding a central formally charge-bearing metal 

32 or metalloid atom, which anion is bulky, labile and stable to any 

33 reaction involving the cation of the activator component. The 
3A charge-bearing metal or metalloid may be any metal or metalloid 
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capable of forming a coordination complex »rf,1ch is not hydrolyzed by 
aqueous solutions. Upon combination of the metallocene component and 
activator component, the cation of the activator component reacts 
with one of the llgands of the metal locene component, thereby 

5 generating an ion pair consisting of a Group IV-B metal cation with a 

6 formal coordination number of 3 and a valence of +4 and the 

7 aforementioned anion, which anion Is compatible with and 

8 noncoordinating toward the metal cation formed from the metallocene 

9 component. The anion of the activator compound must be capable of 

10 stabilizing the Group IV-B metal cation complex without interfering 

11 with the ability of the Group IV-B metal cation or Us decomposition 

12 product to function as a catalyst and must be sufficiently labile to 
IS permit displacement by an olefin, dlolefln or an acetyl en Ically 

U unsaturated monomer during polymerization. 

15 Either the ionic metallocene catalyst or both its components 

16 will be contacted with an Inorganic or organic solid supp^.t 

17 material, either thermally or chsraically dehydrated before ..kVj 

18 contact, to form the supported ionic metallocene catolvs'.- of <,M, 

19 invention. . - j 

20 The method for preparing these supported ionic catalyst 

21 comprises the steps of. 

combining, in a solvent or diluent 

II . , , , metallocene component comprising a 

2« bls(cyclopentadienyl) metal compound containing at least one llgand 

25 capable Of reacting with a proton, said metal being selected from 

26 Group IV B metals. 

27 

^^^> «t least one activator component comprising a 
" cation capable of donating a proton and an anion, said anion being a 
J single coordination complex comprising a plurality of lipophilic ' 
3o radicals covalenty coordinated to and shielding a central 

32 f ^^"-''"^^"S ""^t^l o*- "-etallold atom, said anion being bulky 

3 labile and capable of stabilizing the metal cation formed as a'resulf 

33 Of reaction between the two. and 

,e * catalyst support material suspended in a 

35 suitable solvent, and in a 
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1 <b) recovering a supported catalyst product as a 

2 free-flowing .solid or slurry. 

3 The supported catalyst of this Invention will polymerize 

^^ olefins, dloleflns and/or acetyl enl tally unsaturated monomers either 

5 alone or In combination with other olefins and/or other unsaturated 

6 monomers In liquid, slurry or gas phase reactions. 

7 In general » catalysts can be selected so as to produce the 

8 polymer products which will be free of certain trace elements 

9 generally found in polymers produced with Zlegler-Natta type 

10 catalysts such as aluminum, magnesium, chloride and the like. The 

11 polymer products produced with the catalysts of this invention 

12 should, then, have a broader range of applications than polymers 

13 produced with either the more conventional Z1 egler-Natfa type 

U catalysts containing a metal alkyl. such as an aluminum alkyl, or. the 

15 metal locene-alumoxane catalysts. 

16 Detailed Description of the Preferred Cmbodlmphty 

The present Invention relates to supported catalysts 

18 eminently suited for use in various polymerization processes 

19 including gas or slurry phase polymerization of olefins. The 

20 heterogeneous catalyst includes a metallocene of the Group IV-B 

21 transition metals^ an ionic activator compound and a catalyst 

22 support. European Patent Application EP 277.004 Incorporated by 

23 reference, describes the homogeneous variant of the Group IV-B ionic 
metallocene catalyst which is prepared as the reaction product of a 



2A 



25 Group IV-B metal metallocene compound and an Ionic activator compound. 

The Metallocene Componenl; 
The Group IV-B metal compounds, particularly the titanium, 

27 zirconium and hafnium compounds, useful as first compounds in the 

28 ionic metallocene catalyst system employed in the process of this 

29 invention are the b1 s(cyclopentad1 enyl ) derivatives of titanium, 

30 zirconium or hafnium. In general, such useful titanium, zirconium 

31 and hafnium compounds may be represented by the following general 

32 formulae: 
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I 1. {A-Cp)KX^Xj 



2 2. (A-Cp)MX'jX'^ 



(A-Cp)ML 
(Cp*)CCpR)HX 



1 



5 wherein: H Is a metal selected from the Group consisting of titanium 

6 (T1). zirconium (Zr) and hafnium (Hf); (A-Cp) is either (CpXCp*) or 

7 Cp-A'-Cp* and Cp and Cp* are the same or different substituted or 

8 unsubstltuted cyclopentadlenyl radicals, and wherein A' Is a covalent 

9 bridging group containing a Group IV-A element; L Is an olefin. 

10 diolefin or aryne llg&nd; and X^ are. Independently, 

11 selected from the group consisting of hydride radicals.' hydrocarbyl 

12 radicals having from 1 to about 20 carbon atoms, 

13 substltuted-hydrocarbyl radicals, wherein 1 or iliore of the hydrogen 
K atoms are replaced with a halogen atom, having from 1 to about 20 

15 carbon atoms, organo-metallold radicals comprising a Group IV-A 

16 element wherein each of the hydrocarbyl substltuents contained In the 

17 organo-portlon of said organo-metallold. Independently, contain from 

18 1 to about 20 carbon atoms and the like; X' and X' are 

19 joined and bound to the metal atom to form a metal Ucycle. In which 

20 the metal. X'^ and X'^ form a hydrocarbocycllc ring 

21 containing from about 3 to about 20 carbon atoms; and R Is a 

22 substituent. preferably a hydrocarbyl substltuent, having from 1 to 

23 20 carbon atoms, on one of the cyclopentadlenyl radicals which Is 
2* also bound to the metal atom. Each carbon atom In the 

25 cyclopentadlenyl radical may be. Independently, unsubstltuted or 

26 substituted with the same or a different radical selected from the 

27 Group consisting of hydrocarbyl radicals, substltuted-hydrocarbyl 

28 radicals wherein one or more hydrogen atoms Is replaced by a halogen 

29 atom, hydrocarbyl-substltuted metalloid radicals wherein the 

30 metalloid Is selected from Group IV-A of the Periodic Table of the 

31 Elements, halogen radicals and the like. Suitable hydrocarbyl and 
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1 substltuted-hydrocarbyl radicals which may be substituted for at 

2 least one hydrogen atom in the cyclopentadienyl radical will contain 

3 from 1 to about 20 carbon atoms and include straight and branched 

u alkyi radicals, cyclic hydrocarbon radicals* alkyl-substi tuted cycli 

5 hydrocarbon radicals, aromatic radicals and alkyl-substi tuted 

6 aromatic radicals, Slmlldrly. and when and/or is a 

7 hydrocarbyl or substltuted-hydrocarbyl radical, each may, 

8 Independently, contain from 1 to about 20 carbon atoms and be a 

9 straight or branched alkyl radical, a cyclic hydrocarbyl radical, an 

10 alkyl-substituted cyclic hydrocarbyl. radical, an aromatic radical or 

11 an alkyl-substi tuted aromatic radical. Suitable organometal Void 

12 radicals Include mono-, di- and trl substi tuted organometal 1 old 

13 radicals of Group IV-A elements wherein each of the hydrocarbyl 
lA Groups contain from 1 to about 20 carbon atoms « Suitable 

15 organometal loid radicals include trimethylsilyl, triethylsllyl, 

16 ethyldimethylsilyl , roethyldl ethyl si lyl , triphenylgermyl , 

17 trl methyl germyV and the like. 

18 Illustrative, but not limiting examples of 

19 b1 s(cyclopentad1enyV>2lrcon1uro compounds which may be used in the 

20 preparation of the Improved 

21 (ethylcyclopentadlenylXcyclopentadienyl) and 

22 bis (ethyl cyclopentadienyl) zirconium di hydride, 

23 (propylcyclopentadienyl)(cyclopentadienyl) and 

24 b1s(propylcyclopentad1enyl )zirconiuro dihydride, 

25 (n-butylcyclopentad1enyl)(cyclopentadienyl) and 

26 bts(n-butylcyclopentad1enyl)z1rconiuro dihydride, 

27 (t-butyl cyclopentadienyl) (cyclopentadienyl) and 

28 b1s(t-butylcyclopentadienyl)zirconium dihydride, 

29 (cyclohexylmethylcyclopentadienyl)(cyclopentadienyl) and 

30 b1s(cyclohexylmethylcyclopentadienyl)2lrcon1um dihydride, 

31 (benzyVcyclopentadlenyl )(cyclopentadienyl ) and 

32 b1 sCbenzylcyclopentadlenyl )z1rcon1um dihydride, 

33 .(diphenylmethylcycloperrtad1enyl)(cyclopentad1enyl) and 

34 b1s(d1phenylmethylcyclopentadlenyl)2irconium dihydride and the like; 

35 (polyhydrocarbyl-substituted-cyclopentadienyl) zirconium compounds 
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1 such as (dlmethylcydopentadlenyl) (cyclopentadlenyl) and • 

2 bisCdlmethylcyclopentadlenyO zirconium dimethyl, 

3 (trimethylcyclopentadlenyl) (cyclopentadlenyl) and 
« bls(trlmethylcyclopentadlenyl) zirconium dimethyl . 

5 (tetramethylcyclopentadlenyl) (eye 1 open tad lenyl) and 

6 blsCtetramethylcyclopentadlenyl) zirconium dimethyl . 

7 (permethylcyclopentadlenyl) (cydopentadlenyl) and ' 

8 bls(permethylcyclopentadlenyl) zirconium dimethyl. 

9 Cethyl tetramethylcyclopentadlenyl) (cydopentadlenyl) and 

10 bis (ethyl tetramethylcyclopentadlenyl) zirconium dimethyl 

11 (IndenyDCcyclopentadlenyl) and bis (IndenyDzirconI urn dimethyl 

12 (dlmethylcyclopentadlenyl) (cydopentadlenyl) and * 

13 bis (dimethyl cydopentadlenyl) zirconium dl hydride. 
U (trimethylcyclopentadlenyl) (cydopentadlenyl) and 

15 b1s(tr1methy1 cydopentadlenyl) zirconium dihydrlde, 

16 (tetramethylcyclopentadlenyl) (cydopentadlenyl) and 

17 bls(tetramethylcydopentadienyl)z1rcon1um dihydrlde. 

18 (permethylcyclopentadlenyl) (cydopentadlenyl) and ' 

19 b's(permethylcyclopentad1enyl)z1rcon1um dihydrlde. 

20 (ethyl tetramethylcyclopentadlenyl) (cydopentadlenyl) and 

21 b1s(ethyUetramethylcyclopentad1enyl)zlrconlum dihydrlde 

22 (IndenyDCcyclopentadlenyl) and blsdndenyDzirconlum dihydrlde 

23 (propyl cydopentadlenyl) (cydopentadlenyl) and 
2* blsfpropylcyclopentadlenyDzirconlum dihydrlde. 

25 (n-butyl cydopentadlenyl) (cydopentadlenyl) and 

26 bis (n-butyl cydopentadlenyl )2lrcon1um dihydrlde. 

27 Ct-butyl cydopentadlenyl) (cydopentadlenyl) and 

28 b1s(t-butylcyclopentad1enyl)z1rcon1uB dihydrlde, 

29 <cydohexylmethyl cydopentadlenyl) (cydopentadlenyl) and 

30 b1s(cydohexylmethylcyclopentadlenyl)z1rconlum dihydrlde 

31 (benzyl cydopentadlenyl) (cydopentadlenyl) and 

32 b1s(ben2ylcydopentad1enyl)zlrcon1um dihydrlde. 

33 Cdlphenylmethyl cydopentadlenyl) (cydopentadlenyl) and 

34 bU(d1phenylmethylcydopentadlenyl)zlrcon1um dihydrlde and the like- 

35 (metal hydrocarbyl-substltuted cydopentadlenyl )zlrcon1um compounds* 
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1 such as (trlmethyls.nylcyclopentadienyl )(cyclopentad1enyl) and 

2 b1s(trimethylsnylcyclopentadienyl )2lrcon1um dimethyl , 

3 (trimethyigertnylcyclopentadlcnylXcyclopentadlenyl) and 

4 b1s(tr1inethylgeriny1cyclopentad1eny1)z1rconlum dimethyl, 

5 ( tri methyl s tannyl cycl opentadi eny 1 ) ( cycl opentadi enyl ) and 

6 b1$(tr1inethy.1stannylcyclopentad1enyl)z1rcon1ym dimethyl, 

7 (trImethylplumbylcyclopentadlenylXcyclopentadlenyl) and 

8 bU(triinethylplumbylcyclopentad1enyl)z1rcon1um dimethyl, 

9 (trimethyl si lylcyclopentadi enyl Xcyclopentadi enyl) and 

10 bis(tr1inethylsilylcyclopentad1enyl)2ircohlum dihydrlde. 

11 (trimethylgermylcyclopentadlenyl Xcyclopentadi enyl) and 

12 b1s(tr1inethylgermylcyc1opentadienyl)z1rcon1um dihydrlde, 

13 (trImethylstannylcyclopentadtenylXcyclopentadlenyl) and 

14 blsCtrlmethylstannylcyclopentadlenyDzlrconiuro dihydrlde, 

15 (trlmethylplumbylcyclopentadlenylXcyclopentadlenyl) and 

16 b1s(tr1methylplumblycyclopentadlenyl)z1rcon1um dihydrlde and the 

17 like; (halogen-substi tuted-cyclopentadlenyl) zirconium compounds such 

18 as (trlfluoromethylcyclopentadlenylXcyclopentadlenyl) and 

19 b1s(tr1fluoromethy1cyclopentdd1enyl )2l rconlum dimethyl 

20 (trIfluoromethylcyclopentadlenylXcyclopentadlenyl) and, 

21 bIsCtrlfluoromethylcyclopentadlenyl )z1rcon1um dihydrlde and the like; 

22 si lyl-substi tuted bIsCcyclopentadienyl > zirconium compounds such as 

23 bIsCcyclopentadienyl) (trimethyl si lylXraethyDzi rconlum, 
^i^ b1 s (cyclopentadi enyl ) ( tr1 phenyl s 1 lyl ) (methyl )2l rconi urn. 

25 b1 s (cycl opentadi enyl ) Ctrl s (dimethyl s1 lyl )s1 lyl] (methyl )z1 rconi urn, 

26 bis (cyclopentadi enyl ) [b1 s(mes1 tyl )s1 lyl ] (methyl )2l rconlum. 

27 bis (cycl opentadi enyl Xtrlmethyl si lyl )tr1 methyl si lylmethyl) zirconium, 

28 b1s(cyc1opentad1enyl> (trimethyl si lylbenzyl) and the like; 

29 (bridged-cyclopentadi enyl >z1 rconlum compounds such as methylene 

30 bls(cyclopentadlenyl)2lrcon1uiB dimethyl, ethylene 

31 b1s(cyclopentad1enyl)z1rconiuffl dimethyl, dimethyl s1 lyl 

32 b1s(cyclopentad1enyl)z1rcon1ua dimethyl , methylene 

33 b1s(cyclopentad1enyl)2lrcon1uii dihydrlde, ethylene 

34 b1 s( cycl opentadi enyl )2i rconi UB dihydrlde and dimethylsllyl 

35 b1s(cyclopentadl€nyl)2ircon1uB dihydrlde and the like; zirconacycles 
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1 such as bls(pentaniethylcyclopentadlenyl) zl rconacydobutane. 

2 bisCpentamethylcyclopentadlenyl) zirconacyclopentane. 

3 l>is(cyclopentadlenyl)2lrconalndane. 

* l-b<s(cyclopentad1enyl)2lrcona-3-dlraethylsna-cyclobutane and the 

5 like; olefin, dlolefln and aryne llgand substituted 

6 b1s(cyclopentad1enyl)z1rconium compounds such as 

7 bls(cyclopentadlenyl) (1 .3-butad1ene)2lrcon1um. bls(cyclopentadlenyl) 

8 <2,3-d1ffiethyl-l ,3-butad1ene)2lrconlufn, 

9 b1s(pentamethylcyclopentad1eny1)(ben2yne)2lrcon1um and the like- 

10 (hydrocarbyl) (hydride) bis(cyclopentad1enyl)2lrcon1ur. compounds 'such 
U as bls(pentamethylcyclopentad1enyl)2lrcon1uin (phenyl) (hydride) 

12 b1s(pentamethylcyclopentadlenyl)2lrcon1un. (methyl) (hydride) and the 

13 like; and bls(cyclopentadlenyl) zirconium compounds In which a 

W substltuent on the eye 1 open tadlenyl radical 1$ bound to the metal 

15 such as (pentamethylcydopentadlenyl) 

16 (tetramethylcyclopentadlenyl methylene) zirconium hydride. 
1' (pentamethylcydopentadlenyl) 

18 (tetra«ethylcyclopentadlenylmethylene)2lrconium phenyl and the like 

11 ... " Illustrative bls(cyclopentadlenyl) hafnium 

20 and bU{cyclopentadlenyl>t1tar.1um compounds could be made, but since 

21 the lists would be nearly Identical to that already presented with 
respect to bis(cyclopentad1enyl)2lrcon1um compounds, such lists are 

23 not deemed essential to a complete disclosure. Other 
2« b1s(cyclopentad1enyl)hafnium compounds and other 

25 b1s(cyclopentad1enyl)t1tan1um compounds as well as other 

26 bis(cyclopentadienyl)2irconium compounds which are useful in the 

27 catalyst compositions of this Invention will, of course, be apparent 

28 to those skilled in the art. 

The Activator Comp9n«>nt 

29 Compounds useful as an activator component in the 

30 preparation of the catalyst of this Invention will comprise a cation 

31 which is a Bronsted acid capable of donating a proton, and a 

32 compatible noncoordlnating anion containing a single coordination 

33 complex comprising a charge-bearing metal or metalloid core, which 
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1 anion Is relatively large (bulky), capable of stabilizing the active 

2 catalyst species (the Group IV-B cation), which 1$ formed when the two 

3 compounds are combined and said anion will be sufficiently labile to 
A be displaced by oleflnic, dioleflnic and acetylenlcal ly unsaturated 

5 substrates of other neutral Lewis bases such as ethers, nitrllcs and 

6 the like. As. Indicated above, any metal or metalloid capable of 

7 forming a coordination complex which Is stable In water may be used 

8 or contained In the anion of the second compound. Suitable metals, 

9 then. Include, but are not limited to, aluminum, gold, platinum and 

10 the like. Suitable metalloids Include, but are not limited to, 

11 boron, phosphorus, silicon and the like. Compounds containing anions 

12 which comprise coordination complexes containing a single metal or 

13 metalloid atom are, of course, well known and many, particularly such 
U compounds containing a single boron atom In thie anion portion, are 

15 available commercially. In light of this, salts containing anions 

16 comprising a coordination complex containing a single boron atom are 

17 preferred. 

18 In general, the activator compounds useful In the 

19 preparation of the catalysts of this Invention may be represented by 

20 the following general formula: 

21 5. t(L'-H)*]^*£(M')"**OjO,.-.On]^" 

22 Wherein: 

23 L' Is a neutral Lewis base; H Is a hydrogen atom; 

24 LL'-H] Is a Bronsted acid; M' Is a metal or metalloid 

25 selected from the Groups subtended by Groups V-B to V-A of the 

26 Periodic Table of the Elements; i.e.. Groups V-B, VI-B, VII-B. 

27 VIII-B, I-B, II-B, III-A, IV--A, and V-A; 

28 ^1 *^ selected. Independently, from the Group 

29 consisting of hydride radicals, dialkylamido radicals, alkoxide and 

30 aryl oxide radicals, hydrocarbyl and substltuted-hydro-carbyl radicals 

31 and organometallold radicals and any one, but not more than one, of 

32 0^ to 0^ may be a hallde radical - the remaining 0^ to 0^ 

33 being. Independently, selected from the foregoing radicals; 
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m is an Integer from 1 to 7; n Is an Integer from 2 to 8; 
2 and n - n - d. 



3 
A 



The preferred activator compounds comprising boron nay be 

5 represented by the following general formula: 

6 6. [L'H]*(BAr^ArjX^X^3- 

7 Wherein: 

8 L- Is a neutral Lewis base; H Is a hydrogen atom- 

9 Cf-H]* is a Bronsted add; B Is boron In a valence state 

10 of 3; Ar^ and Ar^ are the same or different aromatic or ' 

11 subst1tuted-aron«t1c hydrocarbon radicals containing fron, about 6 to 

12 about 20 carbon atoms and may be linked to each other through a 

13 stable bridging, group: and X, and X^ are radicals selected 

U independently, from the group consisting of hydride radical's, hallde 

15 radicals, with the proviso that only X, or X^ „m be hallde 

16 at the same time, hydrocarbyl radicals containing from 1 to about 20 
7 carbon atoms, substltuted-hydrocarbyl radicals, wherein one or more 

19 ^^P'*"** * halogen atom, containing from 
1 to about 20 carbon atoms, hydrocarbyl -substituted metal 

20 (organometallold) radicals wherein each hydrocarbyl substitution 

^1 contains from 1 to about 20 carbon atoms and said metal Is selected 
from Group IV-A of the Periodic Table of the Elements and the like. 

23 In general. Ar^ and Ar^ may. Independently, be any 

^ aromatic or substltuted-aromatic hydrocarbon radical containing from 
Y about 6 to about 20 carbon atoms. Suitable aromatic radicals 
26 Include, but are not limited to. phenyl, naphthyl and anthracenyl 
" radicals- Suitable substltuents Include, but are not necessarily 
limited to, hydrocarbyl radicals, organometallold radicals alkoxy 
^ radicals, alkylamldo radicals, fluoro and fluorohydrocarbyi radicals 
and the like such as those useful as X and X . The 
31 substltuent may be ortho. meta or para! relatJve to the carbon atoms 
bonded to the boron atom. Hhen either or both X^ and X are 
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1 a hydrocarbyl radical, each may be the same or a different aromatic 

2 or substituted-aromatlc radical as are Ar^ and Ar . or the 
same may be a straight or branched alkyl /alkenyl'or alkynyl radical 
having from I to about 20 carbon atoms, a cyclic hydrocarbon radical 
having from about 5 to about 8 carbon atoms or an alkyl-$ubst1tuted 
cyclic hydrocarbon radical having from about 6 to about 20 carbon 
atoms. and may also, independently, be alkoxy or 
dialkylamldo radicals wherein the alkyl portion of said alkoxy and 

9 dialkylamldo radicals contain from 1 to about 20 carbon atoms. 

10 hydrocarbyl radicals and organome tall old radicals having froinl to 

11 about 20 carbon atoms and the like. As indicated above. Ar and 

12 Ar^ may be linked to each otherN Similarly, 'either or both^f 

13 Ar^ and Ar^ could be linked to either X or X . 

U Finally. X, or X^ may also be linked to'each Jther through a 

15 suitable bridging group. 

16 . illustrative, but not limiting, examples of boron compounds 

17 which may be used as an activator component In the. preparation of the 

18 improved catalysts of this invention are trialkyl-substUuted 

19 ammonium salts such as triethylammonium tetraCphenyDboron. 

20 trlpropylammonium tetra(phenyl>boron. tri(n-butyl)an»nonium' 

21 tetraCphenyDboron, tri.methylammonlum .tetra(p-tolyl)boron, 

22 trlmethylammonlum tetra{b-tolyl)boron. trlbutylammoniun 

23 tetra(pentafluorophenyl)boron. trl propyl ammonium 
2« tetra(o.p-d1methylphenyl)boron. trlbutylammoniun 

25 tetra(m,m-d1methylphenyl)boron, tributylaiwnonium 

26 tetra(p-tr1-fluoromethylphenyl)boron. tri butyl anmoniuni 

27 tetra(pentafluorophenyl)boron. trUn-butyDanmonium 

28 tetfa(o-tolyl)boron and the like; N.N-dialkyl anilinlum salts such as 

29 N.N-dlmethylaniMnium tetraCphenyDboron. H.N-d1ethylanllini.um 

30 tetraCphenyDboron. N.N.2.4.6-pentan.ethylan111n1um tetraCphenyDboron 

31 and the like; dialkyl ammonium salts such as dlCI-propyDammoniom 

32 tetraCpentafluorophenyDboron. dicyclohexylammonium 

33 tetraCphenyDboron and the like; and triaryl phosphonium salts such 
3* as triphenylphosphonium tetraCphenyDboron. 

35 triCroethylphenyDphosphonlum tetraCphenyDboron. 
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. tr1<d1«..hy,p^en,.,pho,ph„,„, tetr.(phe„yOboron .„d th. H.e 
8 general equations. ^ foregoing 

13 in particulate form. naterlal 1$ an Inorganic oxide 

16 IV-A or IV-B metal c.uji Include Croup n-A, III-,, 

thereof, other l„or,a.tc oxides h.t „, h! . r ! 

" -"h the =n,c.:\;::: ;:r:: ^ 
« .ri; r; drdr;o.';:t:r :• "-^ 

« Mr! ei , : T:r\ 

» order to . , *° ' 

» hydroxy! cZ Jk. T I * """ntratlon of the ,„rf.ce 

3. about ^OO-^ t a o„ 1^ c d ."f .7" ' °' 
32 about 800-c B preferably, from about 300-C to 

"MI treatment can be from about 1 to about 24 hours. 
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1 However, shorter or longer times can be employed. 

2 As an alternative method of dehydration of the metal oxide 

3 support material, chemical dehydration can be advantageously 

* employed. Chemical dehydration converts all water and hydroxy! 

5 groups on the oxide surface to inert species. Useful chemical agents 

6 are for example, chlorosi lanes, such as trimethylchlorosllane. and 

7 the like and alkyl aluminum reagents such as triethyl aluminum and 

8 the like. The chemical dehydration Is accomplished by slurrying the 

9 Inorganic particulate material, such as. for example, silica In an 

10 Inert low boiling hydrocarbon, such as. for example, hexane. During 
u the chemical dehydration reaction, the $1 Ilea should be maintained In 

12 a moisture and oxygen-free atmosphere. To the silica slurry is then 

13 added a low boiling Inert hydrocarbon solution of the chemical 

14 dehydrating agent. 

. inorganic oxide support used in the preparation of the 

16 catalyst may be any particulate oxide or mixed oxide as previously 

17 described which has been thermally or chemically dehydrated such that 

18 It Is substantially free of adsorbed moisture. 

19 The specific particle size, surface area and pore volume of 

20 the Inorganic oxide determine the amount of inorganic oxide that is 

21 desirable to employ In preparing the catalyst compositions, as well 

22 as affecting the properties of polymers formed with the aid of the 

23 catalyst compositions. These properties must frequently be taken 
2A into consideration in choosing an inorganic oxide for use in a 

25 particular aspect pf the Invention. In general . optimum results are 

26 usually obtained by the use of inorganic oxides having an average 

27 particle size in the range of about. 0. I to 600 microns, preferably 

28 about 0,3 to 80 microns; a surface area of about 50 to 1.000 square 

29 meters per gram, preferably about 100 to 400 square meters per gram: 

30 and a pore volume of about 0.5 to 3.5 cc per gram; preferably about' 

31 0.5 to 2 cc per gram. 

Catalyst Preparation ap^j jf^p 

32 The supported ionic metal locene catalyst of this invention 

33 may be prepared by combining the metallocene component, the activator 
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1 component and the support in suitable solvents in one or more 

2 steps. 



A> Choice of Metal locenP- Actlva tor P^ir^ 
In general, while most metallocene components identified 
above may be combined with most activator components identified above 
to produce an active olefin polymerization catalyst, it is desirable 
for continuity of the polymerization operations that either the metal 
7 cation initially formed from the metallocene component or a 

decomposition product thereof be a relatively stable catalyst. It is 
also desirable that the anion of the activator compound be stable to 

10 hydrolysis when an ammonium salt Is used. Further. It is desirable 

11 that the acidity of the activator component be sufficient, relative 

12 to the metallocene component to facilitate the needed proton 

U transfer. In general, bls(cyclopentadlenyl) metal compounds which 
U can be hydrolyzed by aqueous solutions can be considered suitable as 

15 metallocene components to form the catalysts described herein. 

16 The chemical reactions which occur in forming the catalyst 

17 of this Invention may. when a preferred, boron-containing compound is 

18 used as the second component, be represented by a reference to the 

19 general formulae set forth herein as follows: 



20 7. 

21 

22 

23 8. 

24 

25 



(A-Cp)HX^Xj ♦ CL'-H]*CBAr^Ar^XjXJ- - 
C<A-Cp)HX^]*rBArjAr^X^X^3- ♦'hx/* f or 
C(A-Cp)HX^]*CBArjAr,X,X^r ♦ HX^ ♦ L' 

(A-Cp)«Fx'^ ♦ tL'-H]*CBAr^Ar^X,X^3- - 
C(A-Cp)H(X'^X'^H)]*[BArjArjX,x]]- I i' or 
C<A-Cp)M(X'jX'^H)]*[BAr^Ar^XjX*]- ♦ f 



26 9. (A-Cp)HL + tL'-H]*CBAr^Ar^X,X ]" - 

27 CCA-Cp)H(LH)3*tBAr^ArjX^x']" I L' 



28 
29 
30 



10. (Cp)(R-Cp^)MXJ +[L'-H]*tBAr^Ar^X/J- - 
[CpCHR-Cp^HXJ*CBAr/r^X^X^r ♦ L'*or 
tCp(R-Cp")M]+tBAr^ArjX,X^r*+ HX^ ♦ L' 
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1 in the foregoing reaction equations the symbols have been 

2 previously defined. In general, the stability and rate of formation 

3 of the products in the foregoing reaction equations, particularly the 

4 metal cation. wVllvary depending upon the choice of the solvent, the 

5 acidity of the [L'-HJ* selected, the particular L'. the anion, the 

6 temperature at which the reaction Is completed and the particular 

7 bls(cyclopentadlenyl) derivative of the metal selected. Generally. 

8 the initially formed Ion-pair will be an active polymerization 

9 catalyst and will polymerize a-olef1ns. dioleflns. strained cyclic 

10 olefins and acetyl enl tally unsaturated monomers either alone or In 

11 combination with other monomers. In some cases, however, the Initial 

12 metal cation will decompose to yield an active polymerization catalyst. 

13 Hlth respect to the combination of the metallocene component 
i« with the activator component to form a catalyst of this invention. It 

15 should be noted that the two compounds combined for preparation of the 

16 active catalyst must be selected to avoid transfer of a fragment of 

17 the anion, particularly an aryl group, to the metal cation, thereby 

18 forming. a catalytically inactive species. This can be done by sterlc 

19 hindrance, resulting from substitutions on the cyclopentadlehyl carbon 

20 atoms as well as substitutions on the aromatic carbon atoms of the 

21 anion. It follows, then, that the metallocene components comprising 

22 perhydrocarbyl-substituted cyclopentadlehyl radicals could be 

23 effectively used with a broader range of activator compounds than 

24 could metallocene components comprising unsubstituted eye 1 open tadlenyl 

25 radicals. As the amount and size of the substitutions on the 

26 cyclopentadienyl radicals are reduced however, more effective 

27 catalysts are obtained with activator compounds containing anions 

28 which are more resistant to degradation, such as those with, 

29 substituents on the ortho positions of the phenyl rings. Another 

30 means of rendering the anion more resistant to degradation is afforded 

31 by fluorine substitution, especially perf luoro-substltutlon. In the 

32 anion. Fluoro-substituted stabilizing anions may. then, be used with 

33 a broader range. of metal compound (first components). Activators in 
3« which the anions comprise pentafluorophenyl groups are preferred for 
35 preparing ion-pair metallocene catalysts of this invention. 
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2 
3 

.4 
5 
6 
7 

8 
9 



to activJ* metanocene component 

to activator component be 1:1 or greater In a rparf4«„ 

c.....=.s h„e teen ,.e.,ln.. by «H, spectroscopy L . , o ,n 



11. [CA-Cp)MXj(L')][B(C^F ) ] 

12. [{(A-Cp)MX } (p-X )]£B(C F ) ] 

10 In the foregoing formulae, the symbols A-Cp. M. L'. and X 

. " «""»««^-P0"ent to .ctlvator co o„e«. 

« ..U„„c.„. co.po„e„t to >ct,..tor co^one t .H e r" : ;! ': °l 
0 .roup. ,0, . exce» " 

21 («-Cp)Htol,), «„c„,e «he, (A-Cp)M(CH ) ts the 

22 «etanoc.„e used, weakly coordinate, tj ind st.bin„, the 

23 «etanoce„e cat.oo to .„ ,o„,c c.ta,yst of ,2lZ^u 

8- Catalyst Prenarafl^^ 
27 include, but are not necessarily 11.lt«l to. straIgM and 

zTiZ" " '"t:::,M,ane. 

nexane. heptane, octane and the like; cyclic and 

31 ^I'^J^V'''^"''^"^ cyclohexane. cycloheptane 

3^ -ethylcyclohexane. .ethylcycloheptane and the like; and ^ro^atlc and 
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1 alkyl-substltuted aromatic compounds such as benzene, toluene, xylene 

2 . and the like. 

3 It 1$ preferred that the catalyst components be handled In an 
A Inert, moisture-free, oxygen-free environment such as argon, nitrogen 

5 or helium because of the sensitivity of the catalyst components to 

6 moisture and oxygen. 

7 In a preferred method/ the metallocene and activator 

8 components are combined in a first step in an aromatic solvent to 

9 produce a solution the reaction product. This reaction may be carried 

10 out in the temperature range -IW to about 300*C, preferably about 0* 

11 to about ICWC. Holding times to allow for the completion of the 

12 reaction may range from about 10 seconds to about 60 minutes depending 

13 upon variables such as reaction temperature and choice of reactants. 

The solution produced by combining the metallocene and 

15 activator components is then contacted with the support. The method 

16 of contact may vary, but it Is preferred that the solution be added to 

17 a rapidly stirred slurry of the catalyst support in a hydrocarbon 

18 solvent, preferably an aliphatic solvent and especially pentane. 

19 In another preferred method, in a first step, the activator 

20 component is dissolved in an aromatic solvent with the support to 

21 produce a supported activator component. This reaction Is carried out 

22 at a. temperature sufficient to produce a homogeneous solution of the 

23 activator component, preferably between about 25*C to about 200*C. 

2U The aromatic solvent is then removed to leave a free-flowing supported 

25 material. The supported material Is then contacted with the 

26 metallocene component, preferably In an aliphatic solvent to produce 

27 the supported catalyst. 

Regardless of the method, the active supported catalyst can 

29 be recovered by evaporation of the solvent to obtain a free-flowing 

30 solid or alternatively, the active supported catalyst can be 

31 maintained in its slurry state for direct use. 

^2 Contact tempieratures may range from about 0* to about 100*C 

33 depending upon the solvents used. Contact times may vary from about 
3A 10 seconds to about 60 minutes, longer contact times than 60 minutes 
35 not providing any significant additional benefits. 
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2 should h. K '[T ''''''''' --"gents 

3 nd t r . ° * '''''''' concentration (^etallocene 
3 and activator) on the support of fron, about 0.01 vt i to about 20 wt 
^ 1 preferably about 1 wt X to about 5 wt t based upon the weight of 
5 the support. ^ 



6 



9 

10 

11 

12 
13 



In a most preferred embodiment of the present invention. 

7 bls(cyclopentad1enyl)2lrcon1um dimethyl or 

8 bis(cyclopentad1enyl)hafn1um dimethyl will be reacted with 

' w;Ih'!r!?'?'"t: ^^^^^^-^^^--P'^-yDboron and then contacted 
with an alumina, silica or silica-alumina support to produce the most 
preferred catalyst of the present invention. The «etallocene and 
activator components will be combined at a temperature within the 
range -lOO' to about 300-C. preferably from about O'C to about l^'C 
an preferably 1n an aromatic hydrocarbon solvent, most preferab^ 
3 toluene. A nominal holding time within the range from about 10 

7 I'Tl T '° '^'^^^ the mixture is 

contac e with a slurry of the dried support material in an allp a c 

Is ^ """"" " - abouT^T 

In another preferred method. In a first step 

N.N-dimethylan111„1um tetra(pentafluorophenyl,boron is' dissolved in an 

23 : a temperature sufficient to d1 l 

11 1, " '^""^-•^ therein and the 

II to T ' *° ^'>-t hour 

« to produce a supported activator component. The aromatic solvent's 

2 remove to leave a free-flowing support material containing 

27 activator component. This supported activator component is then 

28 contacted with bis(cyclopentadienyl)z,rcon1u™ dimethyl or 

« bis(cyclopentadie«yl)hafnium dimethyl, preferably in an aliphatic 

30 solvent to produce the supported catalyst. « ^^Mphatic 

31 With either method, the active supported catalyst can 

32 recovered by evaporation of the solvent to obtain a e lowL solid 

34 Slurry state for direct use. 

C. Catalyst ll^o 

35 The supported ionic metallocene catalyst may be used to 



21 
22 
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1 polymerize a-olef1ns and acetylentcally unsaturated monomers having 

2 from 2 to about 18 carbon atoms and/or dioleflns having from 4. to 

3 about 18 carbon atoms either alone or In combination. The catalyst 

4 may also be used to polymerize a-olef1ns. dioleflns, strained cyclic 

5 olefins and/or acetylenlcally unsaturated monomers In combination with 

6 other unsaturated monomers. While the. catalyst is active for this 

7 broad range of oleflnic monomer feedstock, o-olef in polymerization 

8 is preferred especially the homopolyroerization of ethylene or the 

9 copolymerlzation of ethylene with olefins having from 3 to 10 carbon 

10 atoms. 

11 a preferred embodiment of the present Invention, the 

12 metallocene component will be a b1s(cyclopentad1enyl)-Group IV-B metal 

13 compound containing two, independently, substituted or unsubstltuted 

14 cyclopentadlenyl radicals and one or two lower alkyl substituehts 

15 and/or one or two hydride substituents and the activator component 

16 will be a tr1-subst1 tuted ammonium salt of a fluorlnated tetrapheny] 

17 boron anion. Each of the tri-substi tutlons in the amnwnlum cation 

18 will be the same or a different lower alkyl or aryl radical. By lower 

19 alkyl is meant an alkyl radical containing from 1 to 4 carbon atoms, 

20 N,N-d1methyian1linium tetratpentaf luorophenyl ) boron is particularly 

21 preferred. Alumina, silica or silica-alumina will be the preferred 

22 support for producing the supported Ionic metallocene catalyst. 

23 Certain of the catalysts of this Invention, particularly 
those based on hafnocenes • using the catalyst produced from the 

25 reaction of bisCcyclopentadlenyDhafnium dimethyl and the 

26 tri-substituted ammonium salt of tetraXpentaf luorophenyDboron as ah 

27 example - when used as described herein for the polymerization and 

28 copoTymerization of o-olefins. dioleflns, and/or acetylenlcally 

29 unsaturated monomers, In the absence of a chain transfer agents can 

30 lead to the production of extremely high molecular weight polymers and 

31 copolymers having relatively narrow molecular weight distributions. 

32 In this regard, it should be noted that homopolymers and copolymers 

33 having molecular weights up to about 2 x lO' or higher and 

3A molecular weight distributions within the range of about 1.5 to about 

35 3 or greater can be produced with the catalysts of this invention. 
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1 Combinations of two or more Ionic metallocene catalyst with the 

2 support can be employed in order to obtain broader MHD such as up to 

3 abou 15 or greater. Alternatively, two or „K>re separately supported 
catalysts can be used to obtain broad HKD polymers and copolymers. 

^ Supported catalysts of this invention containing a 

7 It rr/"'""* ''''' '''''' ' '''' ^"^"^'^^^ - the racemic 
7 mixture of two enantiomers of a rigid, chiral metallocene can 

10 including syndlotactlc and Isotactic polymers. 

10 B1s(cyc1opentadienyl)metal compounds in which each of the 

11 cyclopentadlenyl radicals is substituted and containing a covalent 

12 bridging group between the two cyclopentadlenyl radicals are 

13 particularly useful for Isotactic polymerizations of this type. 
U Proch ral metallocenes. for example those based on complexes of 
IS ,'„7^'-^^^^^°f'^"*^'^^^"^l-2-n-fluorenyl) hafnium, can be used to 

polymerize propylene or higher a-olefins to syndlotactlc polymers. 
J The supported catalysts may be most usefully employed in gas 

19 n the art. Thus, polymerizations using the invention supported 

20 a talysts may be conducted by either of these processes, g L a ly at 

22 atmospher c subatmospheric. or superatmospheric pressure conditions 

23 A Slurry polymerization process can utilize sub- or 

24 super-atmospheric pressures and temperatures in the range of 

25 -B0-250-C. In a slurry polymerization, a suspension of solid 

2 ZTll''. ^ polymerization medium to 

27 Which ethylene, a-olefin. dlolefin. cyclic olefin or acetylenically 

2 ZIZT' '''''''' '''''' '^I'^-es L 

29 cycloallcanes. such as butane, pentane. hexane. or cyclohexane. are 

30 preferred with to C,^ alkanes especially preferred. ' 

31 Preferred solvents also Include liquid olefins which may act as 

32 „,onomers or conx)non,ers including ethylene, propylene, butadiene 

33 cyclopentene. l-hexene. 3-methyl-l-pentene. 4-methyl-l-pentene. ' 
3V1.4-hexad1ene. 1-octene. i-decene and the like. 

3^ A gas-phase polymerization process utilizes superatmospheric 
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1 pressure and temperatures In the range of about. 50* - 120*C, 

2 Gas-phase polymerization can be performed in a stirred or fluidlzed 

3 bed of catalyst and product particles In a pressure vessel adapted to 
A permit the separation of product particles from unreacted gases. 

5 Thermostated ethylene, comonomer. hydrogen and an Inert diluent gas 

6 such as nitrogen can be Introduced or recirculated so as to maintain 

7 the particles at a temperature of 50* - 120*C. Polymer product can be 

8 withdrawn continuously or serol-contlnuously at a rate such as to 

9 maintain a constant product inventory In the reactor. After 

10 polymerization and deactivation of the catalyst, the product polymer 

11 can be recovered by any suitable means. In commercial practice, the 

12 polymer product can be recovered directly from the gas phase reactor^ 

13 freed of residual monomer with a nitrogen purge, and used without 

14 further deactivation or catalyst removal. The polymer obtained can be 

15 extruded Into water and cut into pellets or other suitable comminuted 

16 shapes. Pigments, antioxidants and other additives, as Is known In 

17 the art, may be added to the polymer. 

1® While It is a characteristic of the Invention supported 

19 catalyst that the produced polymers have a narrov foTecular weight 

20 distribution, broad molecular weight distribution polymers may be 

21 produced by- using two or more metallocenes or two or more activators. 

22 The advantages of the Instant invention will be more readily 

23 appreciated by reference to the following illustrative, non-limiting 

24 examples. 

Example 1 

25 A supported catalyst was prepared by reacting 

26 b1s{cyclopentadienyl)hafn1um dimethyl (30 mg) with 

27 N,N-d1methylan1l1n1ura tetrak1s(pentafluorophehyl)boron (60/mg) in 

28 toluene (8 ml). This solution was added slowly to a suspension of 

29 basic alumina (Brocfcraan Actiyity I, dried overnight at lOO'C under 

30 vacuum; 2.0 g) In pentane (25 ml). The mixture was allowed to stir 

31 for about 3 minutes at room temperature. The supernatant solution was 

32 then decanted from the solid material and the solids res lurried with 
33. fresh pentane. The supernatant solution was again decanted from the 
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solids and the solfds suspended In fresh pentane (ca. 30 .1). This 

-an. or a do^u-ended 



needle Into a , liter stainless-steel autoclave containing 400 „1 of 
4 dry. deoxvopnafprf hnv:>n<. r^^M wui-u ..... y •♦uu mi or 



5 
6 
7 
8 
9 



dr,. d.oxy,e„ned he,.ne ana which had been previously n^h./wtth 
nttrojen. The autoclave »as then pressured to 90 psl, .1th ethll 
and stirred at 40-C. After 30 .Inutes. the autoc, ve va o^ d 
vented and the contents separated b, filtration. The yl 1 o jnear 
sranu ar, free-novln, polyethylene «.s ll.J The pol„»er ha a 

Ciamnl» g 

I! ..K , df Example 1 .as used to pol«.erl2e 

12 ethylene In a process sl.ll.r to that of Exan^le 1 except^ ^1! 
.3 autoclave was pressured to 300 ps„ of ethylene. The" l 

granular, free-flowing polyethylene was , with a d s y 

U used" "-'"-^ cauJyn' 

II supported catalyst was prepared by reacting 

18 b1s(cyclopentad1enyl)z1rconlum dimethyl (20 mg) with 

20 tetraMs(pentafluorophenyl)boron (60 mg) In 

20 toluene (20 „i). this solution was added slowly to a su.LLiV * 

21 basic alu«1„a U.O g) in pentane (25 „1,. The II tu e oCel t 
stir for about 3 minutes at roo« temperature. The u e t 

23 solution was decanted fron, the solid material and the so d 
A reslurrled with fresh pentane. The supernatant solution wa again 

112 /^V"' ""'^ suspended'n f e r 

26 pentane (ca. 30 ml). This suspension was transferred undpr „^ 

27 by means of a double-ended needle Into a 1 liter staJ^l s t r^"" ' 

28 autoclave, previously flushed with nitrogen, containing .00 I If ,ry 

Ti lls co2r: ''''' -to la e 

31 was cooled and vented and the contents isolated by filtration. The 
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1 yield of linear granular, free-flowing polyethylene was 4.7 g with a 

2 weight-average molecular weight of 515.000 and a-MWD of 1.74. 

Example ,4 

*. * supported catalyst was prepared as in Example 1 except thdt 

5 2.0 g of Davison 948 si 1 lea (dried at 800'C with a nitrogen purge) was 

6 used in place of alumina. The catalyst was used to polymerize 

7 ethylene in a process similar to that of Example .2. The yield of 

8 linear granular, free-flowing polyethylene was 11.1 g with a 

9 weight-average molecular weight of 1,384.000 and a MHO of 1.67. 

: - Example 5 

10 A supported catalyst was prepared as in Example 4 except that 

11 20 ng of bis(cyclopentadienyl)zlrconlum dimethyl was used in place of 

12 bisCcyclopentadienyDhafnium dimethyl. TWs catalyst was used to 

13 polymerize ethylene in a process similar to that of Example 2. The 
U yield of linear granular, free-flowing polyethylene formed was 2.7 g 

15 with a weight-average molecular weight of 759,000 and a.MWD of 1.67. 

Example 6 

16 A supported catalyst was prepared by reacting. 

17 b1s(cyclopentadienyl->hafnium dimethyl (45 ng) with 

18 N,N-d1methylanilinium tetrakis(pentafluorophenyl)boron (90 mg) in. 

19 toluene (20 ml). This solution was added slowly to a suspension of 

20 basic alumina (3.0 g) in pentane (25 ml). The mixture was allowed to 

21 stir for about 3 minutes at room temperature. The solution was 

22 decanted from the solid material and the solids reslurrled with fresh 

23 pentane: The supernatant solution was again decanted from the solids 

24 and the solids were dried in an atmosphere of nitrogen. This 

25 suspension was Injected into a I liter stainless-steel autoclave. 

26 previously flushed with nitrogen, containing 300 ml of propylene.' by 

27 washing 50 nl of propylene through a stainless-steel catalyst addition 

28 tube containing the soll-d catalyst. The autoclave was then pressured 

29 to 100 psig with ethylene and stirred at 50*C. After 15 minutes.. the 

30 autoclave was cooled and vented and the polymer product was isolated. 
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1 The yield of granular ethylene-propylene copolymer was 38 g." This 

2 polymer, which contained 21 wt. X ethylene, had a weight-average 

3 molecular weight of 423.000 and a molecular weight distribution of 
6 2.88. 



5 



Example 7 

Ethylene and propylene was copolymerlzed In a manner similar 

6 to Example 6. with the exceptions that the ethylene pressure was 

7 Increased to 200 psig and the autoclave was heated to AS'C. The yield 

8 of granular ethylene-propylene copolymer was 57.1 g. This polymer 

9 which contained 52 wt. 1 ethylene, had a weight-average molecular * 

10 weight of 1,006.000 and a molecular weight distribution of 2.01. 

Example 8 

U A supported catalyst of this Invention was prepared by 

12 reacting rac-d1methylsilylb1s(1ndenyl)hafn1um dimethyl (29 mg) with 

13 N.N-dlmethylanillnluffl tetrak1s(pentafluoropheny1)boron (45 mg) In 
U toluene (10 ml). This solution was added slowly to a suspension of 

15 basic alumina (1.5 g) In pentane (25 ml). The mixture was allowed to 

16 stir for about 3 minutes at room temperature. The supernatant 

17 solution was decanted from the solid material and the solids 

18 reslurrled with fresh pentane. The supernatant solution was again 

19 decanted from the solids and the solids were suspended In fresh 

20 pentane (ca. 30 ml). This suspension was transferred under nitrogen. 

21 by means of double-ended needle Into a 1 liter stainless-steel 

22 autoclave, previously flushed with nitrogen, containing 400 ml of dry. 

23 deoxygenated hexane. Propylene (200 ml) was added to the autoclave 

2« which was stirred at SO'C. After 1.75 hours, the autoclave was cooled 

25 and vented and the contents separated by filtration. Th6 yield of 

26 isotactic polypropylene was 9.5 g. This polymer had a melting point 

27 of 127'C. as determined by differential scanning calorlmetry. a weight 

28 average molecular weight of 181 .000 and a molecular weight 

29 distribution of 1.95. Analysis by C-13 NMR spectroscopy Indicated 

30 that the polypropylene was 921 Isotactic. 
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Example 9 

1 A 1 liter stainless-steel autoclave was charged with virgin 

2 polypropylene (14 mesh, 190 g) and heated to 85*C under a dynamic 

3 nitrogen purge. After cooling to 50*C. the catalyst of Example 1 (2.0 
A g) was added to the reactor from a stainless-steel catalyst addition 

5 tube using high-pressure nitrogen. After venting off the excess 

e nitrogen pressure » ethylene was admitted to the stirred polymer bed to 

7 maintain a constant flow. The pressure Inside the autoclave ranged 

8 from 10 to 35 psig. The maximum temperature in the autoclave reached 

9 70*C. After 1 hour, the autoclave was cooled and vented and the 

10 polymer mixture isolated. The net increase in the polymer weight was 

11 38 g, A portion of the polyethylene was sieved from the polypropylene 

12 stirring aid and was found to have a weight-average molecular weight 

13 of 175.000 and a MWD of 2.53. 

gyftmpie IQ 

lA Alumina (1.0 g). slurried in 10 ml of pentane, was treated 

15 for 15 minutes with 1 nl of a 1 M solution of triethylalumlnum in 

16 hexane. The support was separated from the liquid by decantation^ 

17 washed twice with. 10 ml of pentane and dried in vacuo. 

18 N^N-dimethylanllinium tetrakis (pentaf luorophenyDboron (30 

19 mg) was heated In toluene (25 ml) to produce a homogeneous solution. 

20 The warm solution was added dropvise to the support prepared as 

21 described above. The solvent was removed in vacuo to leave a 

22 free-flowing supported material. 

23 This support material (1.0 g) was slurried in 10 ml of 

24 pentane. To this was added dropwise 5 ml of a pentane solution 

25 containing bls(cyclopentadlenyl) hafnium dimethyl (15 rog). After 

26 Stirring at room temperature for IS minutes, the solvent was removed 

27 in vacuo to leave a free-flowing supported catalyst. 

Example 11 

^8 500 mg. of the supported catalyst of Example 10 was used to 

29 polymerize ethylene In a process similar to Example 1 except that the 

30 autoclave was pressured to 400 psig with ethylene and was heated to 
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1 80-C. The yield of linear granular, free-flowing polyethylene was 132 



2 g. 



3 

5 
6 



Although the invention has been described with reference to 
Us preferred embodiments, those of ordinary skill in the art may 

Which do not depart fro. the scope and spirit of the invention as 
described above or claimed hereafter. 



Example 12 



8 
9 

10 



Davison 952 silica (l g) was slurried in pentane 
and treated with 1 ml of a 1 m solution of triethylaluminuxn 
in hexane. The support was separated from the liquid by 
11 decantation^ washed twice with pentane and dried in vacuo. 
12 

N,N-dimethylaniliniuia tetrakis 
1^ (pentafluorophenyl) boron (3 0 mg) was heated in toluene to 
1^ produce a homogeneous solution. The warm solution was added 
1- dropwise to the support prepared as described above. The 
solvent was removed in vacuo to leave a free-flowing 

17 supported material. 

18 „w ' 

Thxs support material was slurried in 10 ml of 

19 pentane. To this was added dropwise 10 ml of a pen^tane 

20 solution containing 15 mg of rac- 

21 dimethylsilylbis(tetrahydroindenyl) - zirconium dimethyl. 
After stirring at room temperature for 15 minutes, the 

23 solvent was removed in vacuo to leave a free-flowing 

24 supported catalyst- 
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Example 13 

1 The catalyst of Example 12 (887 mg) was injected 

2 by means of high-pressure nitrogen into a 1 liter stainless- 

3 steel autoclave, which was previously flushed with nitrogen, 

4 containing 3 00 ml dry, deoxygenated propylene at 4 0 degrees 

5 c. After 20 minutes, the contents isolated the yield of 

6 isotactic polypropylene was 101.7 g. 

Example 14 



7 Davison 948 silica (3 g) , dehydrated at 800 

degrees with an nitrogen purge was slurried in pentane and 
treated with 8 ml of a 1.5 M solution of triethylaluminum in 

10 hexane. The support was separated from the liquid by 
decantation, washed six times with pentane, and dried in 

12 vacuo. 

13 N,N-dimethylanilinium 

1^ tetrakis(pentafluorophenyl) baron (96 mg) was heated in 3 0 ml 
warm toluene, to produce a homogeneous solution. The warm 
solution was added dropwise to a toluene slurry of the 
17 support prepared as described above. The solvent was 

removed in vacuo with gentle heating to leave a free-flowing 
supported material. 



18 
19 



This supported material was reslurried in pentane. 

21 To this was added dropwise 20 ml of a pentane solution 

22 containing 48 mg of bis (cyclopentadienyl) hafnium dimethyl. 

23 After stirring at room temperature for 15 minutes , the 

24 solvent was removed in vacuo to leave a f ree-f lowitig 

25 supported catalyst. 



-32^ 
Example 15 

The catalyst of Example 14 (100 mg) was injected ' 
with 100 ml hexane into a 1 liter stainless-steel autoclave, 
which was previously flushed with nitrogen, containing 3 00 
ml of dry, deoxygenated hexane and pressurized with 200 psi 
ethylene at 60 degrees C. After 20 minutes the autoclave 
was cooled and vented and the contents isolated by 
filtration. The yield of linear polyethylene was 78.7 g. 
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CLAIMS: 



1. A method for preparing a supported Ionic catalyst 
comprising the steps, of: 

(a) combining. In a solvent or diluent 

(I) at least one metal locene canponent comprising a 
bls(cyclopentad1enyl)inetal compound containing at least one llgand 
capable of reacting with a proton, said metal being selected from the 
group consisting of titanium, zirconium and hafnium, 

(II) at least one. activator component comprising a 
cation capable of donating a proton and an anion, said anion being a 
single coordination complex comprising a plurality of lipophilic 
radicals covalently coordinated to and shielding a central 
charge-bearing metal or metalloid atom, said anion being bulky, labile 
and capable of stabilizing the metal cation formed as a result of 
reaction between the two. and 

(ill) a catalyst support material suspended in a 
suitable solvent; and 

(b) recovering a supported catalyst product as a 
free-flowing solid or slurry. 

2. The method of claim 1 wherein said activator component 
1$ represented by the following general formula: 



wherein: 

f is. a neutral Lewis base; H is a hydrogen atom; 
CL'-H]* Is a Bronsted acid; 

H* Is a metal or metalloid selected from the groups 
subtended by Groups V-B to V-A of the Periodic Table of the Elements; 
i.e.. Groups V-B. VI-B. VII-B. VIII. I-B, II-B. III-A. IV-A and V-A;' 

Ov to 0^ are selected, independently, from the group 
consisting of hydride radicals, dialkylamldo radicals, alkoxide and 
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ryloxide radicals, hydrocarbyl and substltuted-hydrocarbyl radicals 
a d organcetallold radicals and any one. but not ««re than one. 
0» to 0„ a,ay be a hallde radical with the remaining Qi to Q 
being, independently, selected from the foregoing radicals;" 

0, is an Integer fron. 1 to 7; n is an integer fron. 2 to 8: and 
n - m ■ d. 

3. The method of claim 2 wherein said activator component 
is represented by the following general formula: 



tL'-H]*[BAr/rjX,X^]- 



wherein: 



L- is a neutral Lewis base; H is a hydrogen atom; 
CL'-H3 Is a Bronsted acid; B Is boron in a valence 
state of 3; 

Ar^ and Ar^ are the same or different aromatic 
olt,?' hydrocarbon radicals, said radicals being 

optionally lln.ed to each other through a stable bridging group; and X 

\ and ^ are. Independently, selected from the 

lubstlt'^IIdTn' ''''''' '''''' 
substltuted-hydrocarbyl radicals and crganometallold radicals. 

4. The method of claim 3 wherein said 
b1s(cyclopentad1enyl)metal compound is represented by one of the 
foliowlng general formulae: 

1. CA-Cp)HX^Xj 

2. (A-Cp)wr^'^ 

3. (A-Cp)ML 

4. (Cp*)(CpR)HX 



a/ 
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Wherein: 

M Is a metal selected from the group consisting of 
titanium, zirconium and hafnium; 

(A-Cp) comprises (CpXCp*) or Cp-A'-Cp* and Cp and Cp* ^ 
urf: the same or different substituted or unsubsti tuted . - 
cyclopentadienyl radicals; 

A' Is a covalent bridging group; L Is an olefin, , 
diolefin or aryne llgand; 

and are, Independently, selected from the 
group consisting of hydride radicals, hydrocarbyl radicals. 
substltuted-hydrocarbylradicals and organome tall old radicals; 

X'^ and X'^ are joined and bound to the metal 
atom to form a metallacycle, In which the metal atoni.-X' 
and X*^ form a hydrocarbocyclic ring containing from 
about 3 to about 20 carbon atoms; and 

R is a substltuent on one of the cyclopentadienyl 
radicals vhich is; also bound to the metal atom. 

5. The method of clali 1 wherein said support is selected 
from alumina, silica, alumina-silica, talc, magnesia, zirconia. 
titania, finely divided polyolefins or mixtures thereof, 

6. The method of claia 5 wherein said support is alumina, 
silica or mixtures thereof. 

7. The method of claia 4 wherein the metal locene is 
b1s<cyclopentad1enyI)zircon1um dimethyl or 
bisCcyclopentadlenyDhafnIura dimethyl; the activator is 
N,N-dimethylanil1nium tetrak1s(pentafluorophenyl)boron; and the 
support is alumina or silica. 

8. The method in of dais 1, wherein the at least one 
metal locene and the at least one activator component are reacted In a 
solvent or diluent and the direct product or the decomposition product 
of said direct product is contacted in a suitable solvent with a 
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catalyst support material and thereafter fh 

pro... . rr».^:z 




INTERNATIONAL SEARCH REPORT 




International ApolicaUon No PCT/US 


90/07669. 


1. CLASSIFICATtON OF SUBJECT MATTER (it srverat ciaisinzalion symbols aoDiy. indicate bID * 


Accordinc to Iniemationai Patent Clasaiftcation (IPC) or lo both National Claaaiftcation and IPC 




IPC^: C OS F 4/76, 4/603, 10/00 




II. FIELDS SEARCHED 


Minimum Oecument&tion Searched ' 


Classification System } CUsilflcatlon Symbols 


'PC^ 1 C 08 F 




Oocunwntation Searched other than Minimum DocumentBtton 




to the Extent that such Documants are Included In the Fields. Searcned ■ 





111. DOCUMENTS CONSIDERED TO BE RELEVANT* 



Catccory * 



Citation of Document, with Indication, where appropfiate. of the relevant pasaaoes | Reicrant to Claim No..''^ 



EP, A, 0277004 (EXXON) 
• 3 August 1988 

see the claims 
cited in the application 

EP, A, 0232595 (EXXON) 
19 August 1987 
see the claims 





cited in the application 


• 


A 


EP, A, 0277003 (EXXON) 


1 




3 August 1988 






see- the claims 


- 


A . 


US, A, 4017525 (R.A, SETTERQUIST) 


- 1 




12 April 1977 






see the claims 

■ 

■ 

■ 





* Spactal catagoriea of cttod documents: i« 

"A" document d«fin{no the general atala et the art which la not 
conaidarad to be of particular rslewance 

**E* Mriier document but published on or after the International 
filing oate 

*'L** document which may throw doubts on priority ctaim(s) or 
which is cited to establish the publication date ot another 
citation or other special reason (as specified) 

"O" document raferring to an oral diaelosure, use. eshtbltion or. 
ethar meant 

*'P'*^ document, publiahad prior to the intarnatlonal filing data but 
later than tna priority date claimed 



later document published after the tnternetionel filing date 
or priority date and not In- conflict with the application but 
crtad to understand the principle or thaory underlying the 
tnvontion 

document of particular relevance: tha' claimat! Invention 
cannot be coneidared novel or cannot be considered to 
Involve an inventive step %■ 
docurnent of particular relevance; the claimed invention 
cannot be coneidared to Involve an Inventive sTeo when the 
document is comtiinvd with one or more other such docu> 
•ments. such combination being obvious to a parson sJiilled 
in the. art.. 

document member of the aame patent family 



IV. CERTIFICATION 



Date of tn« Actual Completion el the International Search 

. ISth April 1991 ■ 



Data of Mailing of this International Search Report 

1 3. 06. 91 




International Searching Authority 

EUROPEAN PATENT OFFICE 



Signature of Authorlted OfHcer 

miss T. MORTENSEN 



Form PCT/IS A/210 (saeond sheet) t January 1985) 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. uS 9007659 

SA 44096 

members relating to the patent documents ched in the above-mendoned international naich report. 
•n>e membets are as contained m the European Patent OHice EDP flic on 04/06/91 micrn»Homu saim repon. 

Tbe European Patent Olfice is in no »ay liable for these particidars which are m'erel; given far the purpose of information. 



Patent document 
cited in search report 



Publication 
ilate 



Patent family 
iiieinber(5) 



Publication 
date 



EP-A- 


0277004 


03-08-88 


AU-A- 


1245288 


24-08-88 








JP-T- 


1502036 


13-07-89 








WO-A- 


8805793 


11-08-88 


EP-A- 


0232595 


19-08-87 


US-A- 


4701432 


20-10-87 








AU-B- 


599622 


26-07-90 








AU-A- 


6728587 


02-06-87 








EP-A- 


0245482 


19-11-87 








JP-T- 


63501369 


26-05-88 








WO-A- 


8702991 


21-05-87 


EP-A- 


0277003 


03-08-88 


AU-A- 


1294588 ■ 


24-08-88 








JP-T- 


1501950 


06-07-89 








WO-A- 


8805792 


11-08-88 


US-A- 


4017525 


12-04-77 


None 







For more details about this annex : see Oflicial Journal of the European Patent Office, No, 12/82 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

^ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
or FADEDJEXT OR DRAWING 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 



□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 

Ef LINES OR MARKS ON ORIGINAL DOCUMENT 



